representational difference analysis; human bronchial epithelial cells; tumor necrosis factor-␣; interleukin-1␤; airway disease THE AIRWAY EPITHELIUM has an important role in many of the responses seen in respiratory diseases. It constitutes the interface between the internal milieu and the external environment. It is the first point of contact for inhaled substances, respiratory viruses, and airborne allergens. It is also a primary target for inhaled drugs. The airway epithelial cells are classically considered to provide the physical barrier between the external and internal environments. A recent study (1) has indicated that airway epithelial cells can act as effector cells, responding to a variety of exogenous and/or endogenous stimuli by generating and releasing additional mediators of inflammation such as cytokines, eicosanoids, and reactive oxygen species, thereby appearing to play an important regulatory role in inflammatory and immune processes. Airway epithelial cells are known to produce as well as respond to the potent inflammatory cytokines interleukin-1␤ (IL-1␤) and tumor necrosis factor-␣ (TNF-␣). These two cytokines have been implicated in the pathogenesis of many acute and chronic inflammatory as well as autoimmune diseases including septic shock, rheumatoid arthritis, and inflammatory bowel disease. They are also believed to play an important role in the respiratory inflammation observed in chronic bronchitis, chronic obstructive pulmonary disease, and asthma (14, 15, 40, 45) .
TNF-␣ and IL-1␤ are produced by a wide variety of immune and structural cells including monocytes, macrophages, T cells, and endothelial and epithelial cells, and they exert many shared biological effects on a number of different target cells. They appear to activate the same set of transcription factors, primarily nuclear factor-B (NF-B) and activator protein-1, even though they signal through distinct receptors (16) . In turn, these two transcription factors govern the expression of many genes that are involved in the immune responses and inflammatory conditions. Genes responding to the effect of TNF-␣ and IL-1␤ via the action of these transcription factors include cytokines, growth factors, cell adhesion molecules, metalloproteinases, and other inflammatory mediators (3, 28) .
Airway epithelial cells may participate in the development and maintenance of these respiratory diseases through different mechanisms. They may initiate and help sustain inflammation through the release of inflammatory mediators and by contributing to cell-specific recruitment and activation of granulocytes and other leukocytes through differential expression of proadhesive signals and/or chemotactic factors and cytokines (7) . In addition, during the course of sustained inflammation, the airway epithelium may also be involved in the remodeling process that is typical of obstructive lung diseases through the release of growth factors and profibrotic signals (30) .
The identification of genes in which expression is altered in the inflamed airway epithelium can help to delineate the molecular mechanisms of the inflammatory processes observed in respiratory diseases. Our recent studies have focused on categorizing the expression pattern of transcripts and associating the changes to cellular events that ultimately contribute to the determination of the respective function of the identified genes. cDNA representational difference analysis (cDNA-RDA) is a sensitive, PCR-based subtractive enrichment procedure that can be used for the isolation of genes with altered expression between various tissues or cell samples (23, 32) . We performed cDNA-RDA to identify the genes differentially expressed between TNF-␣-and IL-1␤-stimulated primary human bronchial epithelial cells (HBECs) and unstimulated control cells.
Here we describe the identification of the transcripts more abundantly expressed in HBECs stimulated with TNF-␣ and IL-1␤. Several of these genes have previously been reported as being more actively transcribed with cytokine stimulation in various cell and tissue types (6, 8, 22, 26, 27, 29, 33-35, 37-39, 43) . We also identified two uncharacterized expressed sequence tags (ESTs), one of which showed preferential expression in the adult lung along with a sequence not represented in the public databases that is predominantly expressed in adult and fetal lungs. Identification of the genes central to epithelial airway inflammation may provide novel targets that may serve to modify the inflammatory condition and, ultimately, the progression of respiratory disease.
MATERIALS AND METHODS
Cell culture. Primary HBECs obtained from Clonetics were seeded at a density of 2.5 ϫ 10 5 cells/ml and grown to 70-80% confluence in the medium supplied (Clonetics). Actively growing cells were simultaneously stimulated with TNF-␣ (100 ng/ml) and IL-1␤ (100 ng/ml) for 4 h (9). Control cells were incubated in medium for the same length of time, and then both cell populations were harvested.
RNA isolation and cDNA synthesis. Total RNA was extracted with TRIzol reagent (GIBCO BRL, Life Technologies) as described by the manufacturer. mRNA was purified with the MessageMaker reagent assembly kit (GIBCO BRL) with conditions recommended by the manufacturer. For cDNA-RDA, 300 ng of mRNA were used to synthesize double-strand cDNA with the Superscript choice system (GIBCO BRL). For RT-PCR analysis, first-strand cDNA was synthesized from 5 g of total RNA that had been DNase treated with RNasefree DNase I (Roche Diagnostics).
Generation of subtracted libraries by cDNA-RDA. cDNA-RDA was performed essentially as described by O'Neill and Sinclair (32) . Briefly, double-strand cDNA was extracted once with an equal volume of phenol-chloroform-isoamyl alcohol and precipitated with 0.5 volume of 7.5 M ammonium acetate and 2.5 volumes of ethanol. Molecular biology-grade chemicals were purchased from Sigma, and the cDNA precipitation conditions used were as recommended by the manufacturer of the cDNA synthesis kit (GIBCO BRL). After centrifugation, the resultant pellet was washed with 70% ethanol and resuspended in 16 l of sterile water. Double-strand cDNA was digested with DpnII (New England Biolabs) and ligated to R-adaptors (a 24-mer annealed to a 12-mer). Amplicons for both "tester" (cDNA prepared from stimulated HBECs) and "driver" (cDNA prepared from unstimulated control HBECs) were generated with Expand Long Template PCR system and Expand Buffer 1 (Roche Diagnostics). Typically, five 100-l PCRs for each tester and 10 PCRs for each driver were performed. DpnII digestion was used to remove the R-adaptors from both driver and tester amplicons followed by ligation of J-adaptors to the tester. Subtractive hybridizations were performed in 5-l reactions at 67°C for 20 h in a GeneAmp 2400 (PerkinElmer). To generate difference product one (DP1), 250 ng of tester cDNA were mixed with 25 g of driver cDNA at a ratio of 1:100. DP1 cDNA was digested with DpnII to remove J-adaptors before ligation of N-adaptors. To generate difference product two (DP2) from DP1, 31.25 ng of tester were mixed with 25 g of driver cDNA at a ratio of 800:1. Digested and excess adaptors were removed by washing the cDNA on Microcon 30 filters (Amicon) as recommended by O'Neill and Sinclair (32) .
Cloning of difference products. DP2 was amplified with the primer 5Ј-CUACUACUACUACUAAGGCAACTGTGCTATC-CGAGGGAA-3Ј (N-Bgl-24dU) and cloned into the pAMP10 vector with the ligation-independent cloning protocol provided with the CloneAMP kit (GIBCO BRL). Plasmids were purified from 3-ml cultures of the white colonies with the Wizard Plus Minipreps DNA purification kit (Promega).
DNA sequencing and analysis. Cycle sequencing of plasmid DNA was performed on an automated ABI310 or ABI377 sequencer (PerkinElmer) with M13 forward and reverse primers according to the manufacturer's instructions. Sequence similarity searches were performed with the BLAST algorithm (2), and sequence alignments were generated with the GCG software package (Wisconsin Package version 9.1).
Northern and "virtual" Northern blots. For Northern blot analyses, a master mix of mRNA or total RNA from unstimulated and cytokine-stimulated HBECs was combined with RNA loading buffer (Sigma), and aliquots were loaded for the generation of eight 1-g mRNA blots and eight 20-g total RNA blots. RNA was electrophoresed in 1% agarose formaldehyde denaturing gels for 2 h. RNA was transferred to Hybond-N membranes (Amersham) by capillary transfer with 20ϫ saline-sodium citrate (SSC), and ultraviolet crosslinked to the filter. Virtual Northern blots (ϭ Southern blots of cDNA) were prepared with the same unsubtracted cDNA representations that were used as the tester or driver during the enrichment procedures. Five hundred nanograms of amplicon cDNA were electrophoresed in 1.5% agarose gels and blotted by capillary transfer.
Hybridization analyses. Clone inserts for the hybridization analysis were generated by PCR amplification from plasmid DNA with the N-Bgl-24 primers (32). Probes for DP2 cDNA and amplified plasmid inserts were synthesized by random priming of 25 ng of DNA in the presence of [␣-
32 P]dCTP (Amersham) with the Rediprime randomprimer labeling system (Amersham). All hybridizations were performed overnight in ExpressHyb hybridization solution (Clontech) at 65°C. After hybridization, the Northern and RNA Master blots (Clontech) were washed in 2ϫ SSC-0.05% SDS for 20 min at room temperature followed by two 20-min washes in 0.1ϫ SSC-0.1% SDS at 50°C. For Southern blots and GeneFilters cDNA arrays (Research Genetics), three consecutive 15-min washes were performed at 65°C in solutions containing 0.5ϫ SSC-0.1% SDS followed by 0.2ϫ SSC-0.1% SDS and finally 0.1ϫ SSC-0.1% SDS. The filters were exposed to phosphorimager plates for between 2 h and 5 days and were visualized by a STORM 840 phosphorimager (Molecular Dynamics). Representative HBEC Northern and Southern blots were hybridized with a glyceraldehyde-3-phosphate dehydrogenase (GAPDH) probe (Ambion) for normalization of transcript intensities. Individual blots were stripped and reprobed no more than 3 times to ensure that no significant reduction of signal intensity occurred. Multiple tissue Northern blots were hybridized with a GAPDH probe (Ambion) to control for loading. GeneFilters hybridization results were analyzed with the Pathways software (Research Genetics).
Semiquantitative RT-PCR analysis. Semiquantitative RT-PCR analysis for GAPDH, IL-8, the Epstein-Barr virus (EBV)-induced gene 3 (EBI3), EXER107, and EXER102 was performed. Briefly, 100 ng of single-strand cDNA were used to seed a 50-l PCR mixture and were subjected to 22-36 cycles of PCR (95°C for 20 s, 58-60°C for 20 s, and 72°C for 20 s) in a PerkinElmer DNA thermal cycler. After the designated number of cycles, 7 l of the reaction mixture were removed before the samples were returned for further cycling. The PCR products were visualized on 1.5% agarose gels stained with 0.5 g/ml of ethidium bromide. Scanned gel images were imported into ImageQuant 5.0 (Molecular Dynamics), and the volume density of the amplified products was calculated.
RESULTS
cDNA-RDA using unstimulated and cytokine-stimulated HBEC mRNA. Cultured primary HBECs were used to mimic in vivo inflammation and to identify cytokine-responsive genes with potential relevance to inflammatory airway diseases. Initially, we determined the optimal stimulation period for the HBECs cultured with TNF-␣ and IL-1␤. After stimulation, RNA was harvested after 1, 2, 4, 8, and 24 h of incubation. Semiquantitative RT-PCR relative to a GAPDH control was performed with several genes, including those for IL-8, intercellular adhesion molecule-1 (ICAM-1), IL-6, and TNF-␣, known to be important in airway inflammation and induced by TNF-␣ and IL-1␤ (27, 34, 43) . Optimal stimulation was determined as being 4 h after the initial addition of the two cytokines (results not shown). cDNA-RDA was then performed with unstimulated and cytokine-stimulated HBEC mRNA samples. To isolate genes more actively transcribed in cytokine-stimulated HBECs, we used cDNA from cytokine-stimulated HBECs as the tester and cDNA from unstimulated HBECs as the driver. Two rounds of enrichment were used to generate DP2 because these conditions have previously been shown to be sufficient for removing unwanted background and to enrich for differentially expressed fragments (32) . To determine whether the subtraction experiment had been successful in enriching for sequences expressed at a higher abundance in the tester population, we hybridized the DP2 population to high-density cDNA arrays. Each of the two cDNA filters (GeneFilters GF200 and GF202) contains ϳ5,000 arrayed sequences. For GF200 and GF202, ϳ50 and 10%, respectively, of these sequences were highly similar to or represent genes of known function, the remaining sequences on the filters represent ESTs with unknown function. To determine which genes were potentially represented in DP2, hybridization results were analyzed with the Pathways software (Research Genetics). Table 1 summarizes these results and demonstrates that many of the known genes detected on these filters have previously been shown to be upregulated by TNF-␣ and/or IL-1␤ in a variety of other cell and tissue types.
Sequence analysis of subtraction products. The cDNA species present in DP2 that had been enriched for genes that were upregulated by cytokine stimulation were cloned into the pAMP10 vector and further characterized by DNA sequence analysis. To determine the redundancy of the library, inserts from 72 clones were amplified and digested with the restriction enzymes RsaI and AluI and analyzed on a 1.5% agarose gel. After inspection of the digestion products, 48 clones were chosen for sequencing. Comparison of these sequences with those in the public databases resulted in the identification of 18 known and novel genes (results not shown). To determine the redundancy in the library, 384 clones from this library were arrayed on filters, and probes representing these 18 genes were individually hybridized to the arrays. Results from this analysis indicated that only 88 clones from this 384-clone library (ϳ23% of the library) gave hybridization signals. These data indicated that the DP2 cDNA population potentially contained gene fragments representing many more genes. We therefore generated and sequenced a 1,152-clone cDNA library. Sequence information was collected, vector sequences were removed, and the remaining sequences were assembled into clusters. Sequences representing the individual clusters were compared with those present in the public databases. Sixty-six different sequences were represented by the 1,152 clones. Of these, 57 were identical to known genes, 1 sequence (KIAA0058) identified a protein of unknown function, 6 identified human ESTs (EST1-6), and 2 sequences did not show any similarity to any known sequences (EXER107 and UNK2). Table  2 summarizes the results of this analysis. Twelve clones contained the sequence from the R-Bgl-24 adaptor, the sequence used in the generation of the original representations. These clones most probably arose from an inefficient digestion with the DpnII restriction enzyme, and hence the R-adaptors were not totally removed, resulting in cDNA fragments that would behave effectively as tester unique fragments in the subtractive hybridization step. Clones identified as containing the R-adaptor sequence were not analyzed further.
Expression analysis of individual transcripts. Because methods based on subtractive enrichment procedures have been shown to yield false positives, the expression pattern of individual clones was further verified by virtual Northern and Northern blotting and semiquantitative RT-PCR analysis. For virtual Northern and Northern analyses, cDNA inserts were isolated from the sequenced clones and used as hybridization probes on blots containing unstimulated and stimulated cDNA and mRNA ( Figs. 1 and 2) . Not all se- http://ajplung.physiology.org/ quences were tested for differential expression because many genes have been previously reported as having induced expression with TNF-␣ and IL-1␤. We tested 31 sequences by virtual Northern analysis for the differential abundance between tester and driver cDNAs. We detected an increased hybridization intensity in cDNA generated from cytokine-stimulated HBECs for 23 of these sequences (Fig. 1) , 3 of the sequences did DP2, difference product 2; MT4-MMP, membrane type 4 matrix metalloproteinase; EST, expressed sequence tag; RANTES, regulated on activation normal T cell expressed and secreted. References are for previous studies that reported upregulation of the transcript or protein in airway epithelial cells or other cell systems by tumor necrosis factor-␣ (*) or interleukin (IL)-1␤ ( †). ‡ Fragments from these genes were also identified in the sequenced library cloned from DP2. sion difference between unstimulated and cytokinestimulated HBEC mRNAs ( Table 2 ). All of the genes that showed differential expression by Northern blotting had an increased abundance in tester compared with driver cDNA when analyzed by virtual Northern blotting except for EBI3 and MMP3, which were not detected or tested, respectively, on virtual Northern blots ( Table 2) . We were not able to detect significant differential expression for five transcripts that had an increased abundance in tester compared with driver cDNA when analyzed by Northern blotting. This simply may be the consequence of transcript levels not having been increased sufficiently for visible detection ( Table 2 ). The data for the transcripts that were detected by Northern blotting indicated that ϳ70% of the genes identified by the cDNA-RDA experiments were indeed differentially expressed. To confirm differential expression for several genes in which expression was only weakly detected by Northern blotting, we performed semiquantitative RT-PCR relative to GAPDH transcript levels. These data indicated that the genes represented by the clones for EXER107, EBI3, and EXER102 were expressed more abundantly in cytokine-stimulated HBECs (Fig. 3) .
Several reports (17, 24, 46) have used hybridization to cDNA representations as an indication for differential expression; however, our data clearly indicate the need to perform Northern analysis or quantitative RT-PCR for confirmation of differential expression. Of 14 genes that clearly showed differential hybridization by virtual Northern analysis, only 9 showed distinct visible differential expression, whereas 5 genes did not when tested on Northern blots.
Tissue distribution of EST3, EXER102, and EXER107 expression. Novel genes represented by the clones for EST3, EXER102, and EXER107 were further analyzed with multiple tissue Northern blots and RNA master blots. The probe for EXER102 detected transcripts of ϳ3 and 6 kb in the majority of mRNAs from adult and fetal tissues (Fig. 4) . The most abundant expression was found in adult and fetal kidneys and adult lung. Analysis of the expression of EXER102 with the RNA Master blot indicated that the comparatively highest levels of expression were in the trachea, lung, small intestine, kidney, pituitary gland, stomach, thyroid, and fetal lung (results not shown). The probe for EXER107 detected a single transcript of ϳ3.5 kb expressed at varying degrees in all adult and fetal tissues; however, a significantly higher abundance of the message was found in adult and fetal Fig. 3 . Semiquantitative RT-PCR was performed relative to GAPDH amplification. Left: 100 ng of single-strand cDNA from unstimulated (unstim) and TNF-␣-and IL-1␤-stimulated (stim) HBECs were used as templates in both reactions. Seven microliters of amplification product were analyzed on a 1.5% agarose gel. Nos. in parentheses, cycle no. Right: individual amplification products were analyzed for integrated pixel intensity ( y-axis) and plotted against cycle number (x-axis) with ImageQuant 5.0 software. As a control for HBEC cytokine stimulation, an IL-8 amplification was performed. EBI3, Epstein-Barr virus-induced gene 3. See text for discussion.
lungs (Fig. 4) . Analysis of the expression of EXER107 with the RNA Master blot indicated that the comparatively highest levels of expression were found in the trachea, adult lung, kidney, stomach, and thyroid (results not shown). Hybridization of the EST3 probe to multiple tissue Northern blots did not result in the detection of a transcript in any tissue tested; however, hybridization to a RNA Master blot indicated that the gene represented by EST3 was expressed most abundantly in the pancreas, mammary gland, thyroid, bladder, and trachea (results not shown).
DISCUSSION
We performed cDNA-RDA to identify and isolate genes in primary HBECs in which expression is induced by the inflammatory cytokines TNF-␣ and IL-1␤. We used a mixture of these two cytokines in our experiments because their coexpression and their synergistic effects are important for disease pathology in inflammatory conditions. As expected, we found an induced expression of a number of known inflammation-related genes, including IL-1␤ and TNF-␣ themselves; several genes involved in inflammatory cell trafficking, such as IL-8, regulated on activation normal T cell expressed and secreted (RANTES), and epithelial cell-derived neutrophilactivating protein-78 (27, 34, 43) ; and genes involved in the activation of inflammatory cells, such as granulocyte-macrophage colony-stimulating factor and granulocyte colony-stimulating factor, that confirms the validity of our approach. In addition, the stimulated airway epithelial cells showed induced expression of a number of protective genes including those for antiproteases, such as the tissue inhibitors of metalloproteinases (5), and antioxidants, such as manganese superoxide dismutase (47) . TNF-␣ is also known for its ability to induce apoptosis in a variety of cell types through its activation of its cognate receptor subtype I (18) . One mechanism by which the airway epithelial cells may protect themselves against TNF-␣-induced apoptosis is by expressing Bfl-1/A1, a protein that is able to block cellular apoptosis. This prosurvival Bcl-2 homolog is a direct transcriptional target of NF-B, hence providing evidence supporting the protective role of NF-B in the immune system (51) . Another gene involved in apoptosis regulation that we identified as being upregulated by TNF-␣ and IL-1␤ is the gene for the 90-kDa heat shock protein (HSP90). HSP90 functions as a molecular chaperone that aids in the folding of nuclear hormone receptors and protein kinases. A study (19) has shown that an excess of HSP90 is associated with increased apoptosis Fig. 4 . Northern blot analysis for EXER102 and EXER107. Inserts from representational difference analysis (RDA) clones were hybridized to multiple tissue Northern blots. To control for differences in loading between lanes, the same filters were hybridized with a GAPDH control. mRNA from indicated tissues was loaded in each lane.
and, conversely, that reduced HSP90 levels correlate with protection against apoptosis in TNF-␣-and cycloheximide-treated cells (19) . It therefore seems possible that in bronchial epithelial cells exposed to inflammatory conditions, a similar fine balance between survival and apoptosis may exist. In vivo, when this balance is shifted in favor of apoptosis, epithelial cell shedding may occur as seen in the asthmatic condition (25) .
We also identified two kinases involved in intracellular signaling as having upregulated transcription on cytokine stimulation. Previous work (48) has shown that mitogen-activated protein (MAP) kinase 3 (MKK3) is a critical component of a TNF-␣-stimulated signaling pathway that causes increased expression of inflammatory cytokines. Targeted disruption of the MKK3 gene resulted in a selective defect in the response of fibroblasts to TNF-␣, including reduced p38 MAP kinase activation and cytokine expression (48) . However, its upregulation in inflamed airway epithelial cells has not been previously reported. Phosvitin/ casein kinase II (CKII) was also shown to be present in DP2 (Table 2 ). This kinase has previously been shown to immunoprecipitate as part of the NF-B cytoplasmic complex, and phosphorylation of NF-B by CKII may control translocation of the activated complex or modulate its ability to bind DNA (4, 44) .
The cell surface proteoglycan syndecan-4 was identified as being upregulated in HBECs by cytokine stimulation. This molecule has the ability to regulate cell adhesion via its glycosaminoglycan chains and the discrete domains of its core protein; it is also able to bind and activate protein kinase C-␣ (21). Previous work in vitro (50) has shown that TNF-␣ is able to induce endothelial cell syndecan-4 expression by both increasing gene expression in a NF-B-dependent manner and prolonging mRNA half-life. In vivo studies have shown that levels are also increased after various forms of tissue injury including skin wounds, vascular wall injury, or myocardial infarction (50) . Both RT-PCR and Northern analysis (results not shown) indicated that the transcript levels for another cell surface molecule, the Epstein-Barr virus (EBV)-induced gene 3 (EBI3), were also increased in cytokine-stimulated HBECs. EBI3 encodes a 34-kDa glycoprotein, a member of the hematopoietin receptor family related to both the p40 subunit of IL-12 and the ciliary neurotrophic factor receptor. The protein lacks a membrane-anchoring motif and is secreted but is also present on the plasma membrane of EBV-transformed B lymphocytes and transfected cells (12) . Latent membrane protein 1 of the EBV has been shown to induce the expression of EBI3 along with ICAM-1, lymphocyte function-associated antigen-3, and CD40 in EBV-negative Burkitt lymphoma cells and in epithelial cells via NF-B activation. (13) . Consistently, our data indicate that this gene can also be induced in HBECs by the two cytokines TNF-␣ and IL-1␤, suggesting a possible role for this molecule in respiratory inflammation.
Follistatin is a secreted protein that is able to bind and neutralize the actions of many members of the transforming growth factor-␤ family of proteins. Follistatin is known to bind activin, a member of this family, and both are upregulated by mediators of inflammation (36) . Our data are, however, the first to suggest that follistatin plays a possible role in airway inflammation. The urokinase-type plasminogen activator (uPA) and the uPA receptor (uPAR) are thought to be critical in the cell invasion processes. The balance between uPAR-bound uPA and its inhibitors modulates a pericellular proteolytic activity able to give "stop-and-go" signals to invading cells, possibly in concert with the matrix metalloproteinase system. Other lines of evidence suggest that the uPA-uPAR interaction elicits chemotaxis, chemoinvasion, and cell multiplication, with uPA also being implicated in the inflammatory disease rheumatoid arthritis (11) . Our data now suggest that the uPA may also have a role in lung inflammation. The tissue-type plasminogen activator (tPA) gene was also identified as being regulated by TNF-␣ and IL-1␤. tPA has been shown to have antiinflammatory properties, and a study (42) suggested that tPA may suppress neutrophil activation in vivo but does not reduce lung neutrophil infiltration. Indeed, treatment with tPA has been shown to significantly improve the mortality rates of patients with acute myocardial infarction, and the potential for tPA treatment in other inflammatory diseases such as acute respiratory distress syndrome and rheumatoid arthritis, in which neutrophil-mediated injury is likely, has been suggested (41). Our findings add further support for its use as a possible treatment for certain lung inflammatory diseases.
Several cDNA fragments that contained the R-Bgl-24 adapter sequence were identified from DP2. These cDNA fragments would effectively behave as testerunique fragments in the subtractive hybridization steps. The most likely explanation for the presence of these clones in DP2 may be due to inefficient digestion by the DpnII restriction enzyme. Several cDNA fragments that represent genes generally classified as "housekeeping" were also identified from DP2 (see Table 2 ). These may also be artifacts of the experimental process not being successfully eliminated during the subtraction procedure. However, identification of cDNAs for housekeeping genes among subtraction products has previously been reported by several groups including our own (10, 17, 20) ; however, further rounds of subtraction may result in the elimination of these genes. Alternatively, it is also possible that some of these genes are actually induced by cytokine treatment and may indicate a change in the metabolic activity of cytokine-stimulated HBECs (6) .
Our studies demonstrate that hybridization of DP2 to arrayed cDNAs allowed rapid identification of the genes represented and provided information regarding the success of the subtraction experiment. This approach identified several genes including those for Eselectin, Zfp-36, monocyte chemoattractant protein-1, vascular endothelial growth factor, and RANTES (Table 1), all having been previously reported to be regulated by TNF-␣ and/or IL-1␤ (22, 35, 37, 38) ; however, these genes were not identified when we sequenced our 1,152-clone library. Differing cloning efficiencies of individually amplified fragments may possibly explain the reason for this discrepancy. Although hybridization to gene arrays can be used to rapidly identify some of the genes represented in a complex (DP2), it is unlikely to be able to identify all of the genes represented until all the genes within the genome have been identified and subsequently arrayed. Our data therefore support the notion that hybridization of DP2 to gene arrays combined with cloning and sequencing may provide a more comprehensive analysis of the subtraction product.
A full-length uncharacterized gene, KIAA0058, was also identified as being represented in DP2. Northern blot analysis has previously shown this gene to be expressed in a variety of tissues (31) . The mouse homologue, designated prtb (proline codon-rich transcript, brain expressed) has also been recently identified, and knockout mice have been generated. These mice were viable and fertile and did not display any obvious abnormalities (49) . Our data suggest that KIAA0058 may play a role in lung inflammation (Fig.  1) ; however, a more detailed analysis of the lung function and bronchial hyperresponsiveness of the prtb knockout mice may provide further insight into its role.
Northern analysis of the gene fragments representing genes of unknown function, EXER107 and EXER102, indicated that in adult tissue they are predominantly expressed in the lung (Fig. 3) , with EXER107 also appearing important for fetal lung development (Fig.  3) . Although we detected a hybridization signal in total RNA derived from HBECs for EST3 (Fig. 2) , unexpectedly, we were not able to detect any signal in adult or fetal tissues. This result may be explicable due to EST3 having a restricted pattern of expression unique to HBECs, whereas EXER102 and EXER107 may be expressed in other cells of the airways and hence give detectable hybridization intensities in complex tissues. Sequences of EST3, EXER102, and EXER107 showed no similarity to any genes of known function in the public databases, and, therefore, we are not able to speculate further on their potential roles. Further work needs to involve isolation of full-length sequences for these clones, and this may provide further insight into their action. A thorough and quantitative mapping of the gene expression pattern of our panel of genes in various (patho)physiological situations will give indispensable information concerning inflammatory conditions of the lung. This information, in turn, may help us devise new rational and gene therapeutic approaches for the treatment of various respiratory diseases.
